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(54) SUSPENSION FOR BLOOD VESSEL EMBOLIZATION 



(57) Abstract 

[Piirposc] To provide a suspension for blood vessel 
embolizaiion to be injected through a catheter for occluding 
specific pans of the blood vessel. 
[Consiituiion] A suspension for blood vessel embolization is 
prepared by suspending a high water-absoiting resin particles 
which are mainly made of a polymer of sodium acrylate or a 
polymer of sodium acrylate and vinyl alcohol and have an 
average gram size of less ihan about 1 ,0 mm in an oily 
contrast medium. 



CLAIM 

1. A suspension for blood vessel embolization, prepm-ed by suspending a high water- 
absorbing resin particles tliat are mainly made of a polymer of sodium acrylate, or a polymer of 
sodium acrylate and vinyl alcohol, and have an average grain size of less than about 1 .0 mm in 
an oily contrast medium. 
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DETAILED EXPLANATION OF THE INVENTION 

[0001] 

Industrial application field 

This invention relates to a suspension for blood vessel embolization. More specifically, it 
relates to a suspension for blood vessel embolization to be injected through a catheter for 
occluding specific parts of the blood vessel 

[0002] 

Prior art and the problems to be solved by the invention 

Cyanoacrylates (isobutyl-2-cynoacrylate, n-butyl cyanoacrylate) used in arterial 
embolectomy, in particular, embolectomy for arteriovenous malformation in die cranium were 
recognized conventionally as effective embolic materials. However, there were demerits such as 
requiring experience m carrying out adjustment of the concentration for polymerizing in the 
nidus (the shunt section of the arteriovenous malformation), cau&mg occlusion of the catheter at 
times due to polymerizing in the catheter, havmg a danger of the catheter and the polymerized 
cyanoacrylates adhering, etc. A metiiod of injecting a small amount of cyanoacrylate by dividing 
into a number of rimes has been proposed in order to solve the problem of adhesion. However, 
close attention was still necessary. EVAL (Ethylene Vinyl Alcohol copolymer) is being used at 
many facilities in order to compensate for die demerits in these cyanoacrylates. However, an 
organic solvent is necessary and there are cases when die compatibility with the catheter is poor 
hence development of an embolic material that is easy to handle and is not toxic is desired. On 
die other band, there have been many reports of using Polyvinyl Alcohol (PV A) and suture yam 
as the embolic material. However, these occlude die catheter at times and furthermore, Che artery 
occludes at die center side hence a material with a high re-opening rate of die arteriovenous 
malformation and capable of canying out occlusion at a place as close to the nidus as possible is 
desired. To achieve diis object, it is necessary to contrive a way to use by mixing an Etiianol or 
Avitene (raiaofibrillarcollaten). Hierefore, being able to pass through a very fine catiieter, 
having a favorable contrast property, not passmg through die nidus, having a permanent 
occlusion effect, not being toxic, etc. can be cited as die conditions requked in die embolic 
material in relation to embolectomy widiin die cranium. 

[0003] 

Means of solving the problems and the operation of the invention 

Tliis invention is a suspension for blood vessel embolization prepared by suspending a 
high water-absorbing i«sm particles fliat are mainly made of a polymer of sodium acrylate. or a 
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polymer of sodium acrylate and vinyl alcohol and have an average grain size of less than about 
1,0 ram in an oily contrast medium. Namely, this invention causes die blood vessel to function as 
an embolic material by employing the fact diat high water-absorbing lesin particles absorb water 
and instantaneously swell (e,&. swell by absorbing the rooismre content at 1000 fold of the self 
weight) by coming into contact with moisture content, namely, blood (moisture content therein). 
Ririhennore, die aforementioned water absorption and swelling is delayed by suspending the 
high water absorbing resin particles in an oily contrast medium so that the function as an embolic 
material occurs only in die necessary area of die blood vessel and not in the area adjacent to the 
catheter or inside die cadieter. 

[0004] 

The principal component of the hi^ water-absorbing resin particles used in dds 
invention is a polymer of sodium acrylate, or a polymer of sodium acrylate and vinyl alcohol. In 
pardcular. saponified substance of vinyl acetate-acrylic acid ester copolymer, saponified 
substance of vinyl acetate-maleic acid mediyl, cross-linked substance of isobutylene-raaleic acid 
anhydride copolymer, saponified substance of starch-acryl nitrile graft copolymer, cross-linked 
sodium polyacrylate. and cross-linked substance of polyediylene oxide, etc. can be cited as 
specific examples. 

[0005] 

As these high water-absorbing resm particles, diose widi an average grain size of less 
dian about 1.0 mm, preferably, less dm 0.9 mm are used. Furdiermore, die necessary parts of 
die blood vessel can be occluded by suitably selecting die average grain size of ttiese particles, 

[0006] 

In diis invention, a suspension is prepared by suspendmg diese high water-absorbmg 
resin particles in an oUy contrast medium. In diis case, it is preferable to suspend 10 - 20 mg of 
die hi^ water-absorbing resin particles to 1 ml of die oily contrast medium. As diis oily contrast 
medium, a contrast medium ILipiodol (registered trade name)] prepared from iodized 
saponification oil fatty acid edier ester, a contrast medium [Urografm (registered trade name)] 
containing amidotrizoic acid (as an anhydride), sodium hydroxide, and meglumine, a contrast 
medium [Angiografin (registeied trade name)] containing amidotrizoic acid (as an anhydride) 
and meglumine, etc. can be cited. When die suspension obtained is injected into die specific part 
(e.gM artery) of die blood vessel according to a cadieter, die high water-absorbing resin particles 
flow to die periphery of die blood vessel and here die oily part of die coat separates and absorbs 
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the moisture coatent the instant (e.g., 2 - 3 seconds) contact is made with the moisture content in 
the blood, increases the diameter (e.g., 4.5 fold), and functions as an embolic material. 

[0007] 

A use example of ihe suspension for blood vessel embolization related to this invention 
will be cited below. 

[0008] a) Occlusion example of malignant tumor 

Poor blood vessel Suspension (10 mg/ml) of N-1 00 (S) and Upiodol 

Rich blood vessel Suspension (10 mg/ml) of N-lOO (M) or N^lOO (L) and Lipiodol 

N-lOO and S-50 were mixed to prepare a suspension of Lipodol (10 - 15 mg/ml). 

However, N-lOO: sodium acrylate polymer, S-50: acrylic acid • vinyl alcohol copolymer. (S) 

(M) (L) indicate die size of the particles and are 0.20 inm(|>, 0.53 mm<|>. 0.88 mm<j> respeaively as 

the average grain size. 

[0009] 

b) Occlusion example of arteriovenous aneurysm ( AVM) 

Low How Type: Suspension (10 mg/ml) of N400 (S) and Lipiodol 

Hi^ How type: Mix N-lOO and S-50 to prepare a suspension of Upiodol (10 - 15 

mg/ml) 
[0010] 

c) Occlusion example of arterial hemorrhage 

few each of S-SO having a larger diameter than the diameter of the hemorrhaging blood 
vessel were counted and suspended along with the contrast medium, and then, this suspension 
was injected until the hemorrhaging stops. 

[0011] 

Working Example 1 

A blood vessel embolization model (1) was prepared as shown in Figure I wherein 
arteriovenous aneurysm was presupposed in order to verify that the suspension for blood vessel 
embolization related to this mvention actually has an occlusion effect. Blood vessel embolization 
model (I) was prepared by filling urethane foam sponge (continuous foam) (3) of cylindrical 
shape (heiglit 2 mm, diameter 18 mm) in a plastic chamber (2) having a capacity of about 2.0 ml. 
The blood passes through this chamber (2) without any resistance. A 500 ml ~ 1,000 ral bottle 
(4) of physiological saline solution was connected to this blood vessel embolization model (1), 
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constant pressure of 150 mmHg was applied to this bottle using an automatic pressurizing 
apparatus (5). and steady flow was fluidizcd in chamber (2). Incidentally, (6) is the manometer 
and (7) the mioocatheier. The two kinds indicated below were filled as the urethane foam 
sponge. Namely, 

Low flow type; Each bubble in the urethane foam Average 0.5 mm 

Hi^ flow type: Each bubble in the urethane foam Average 0.9 mm 

The occlusion effect was judged by measuring the flow rate of die physiological saline 
solution. 

[00121 

a) Occlusion of low flow type AVM model (refer to Figuicl, Rgnre 2, and Figure 4) 

When a suspension of (N-lOO) (S) 76% Urografin and Lipiodol mixture was used, the 
flow stopped at N-lOO (S) 40 mg. On the other hand, when N-lOO (M) was used, the flow 
stopped at 5 mg or less willi The same suspension. Hiere is a tendency to clog the greater the 
amount of N-lOO is and the larger its grain size is. 

[0013] 

b) Occlusion of high flow type AVM model (refer to Figure 1 , Figure 2, and Figure 5) 

Occlusion effect was not recognized in a suspension of N-lOO (M) 76% Urografin and 
Lipiodol mixture. Occlusion effect appears by adding S-50 (M). Occlusion effect appears at a 
small amount of 10 mg with N-lOO (L) + S-50 (L). There is no occlusion effect with N-lOO (S) + 
S-50 (S). Even with N-lOO (S) + S-50 (S), the S-50 particles become large when suspended with 
Angiografin and has occlusion effect. According to these data, it is very important to mix S-50 
for occlusion of AVM of fast blood flow. 

[00141 

Clinical example 

a) 26 years old female Metrorrhagia after abortion 

Photograph of the pelvic artery: Expansion of the ri^t uterine artery and abnormal blood vessel 
that had expanded in a spiral shape in correspondence with the uterus were recognized. Leakage 
of the contrast medium to outside the blood vessel was also recognized and hemorrhaging was 
also confirmed. 

Selective right uterine artery (after embolectomy): S-50 (M) 5 mg was absorbed with 
physiological saline water, suspended in Lipiodol, mjccted according to a catheter, and 
photographed. The abnormal blood vessel was eliminated, leakage of the contrast medium to the 
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outside of the flood vessel was no longer recognized, and only the normal uterine anery muscle 
was extracted. After the erabolectomy, hemorrhaging from the utems stopped. 

The following cited the charactwistics as an embolic material when using the suspension 
for blood vessel embolization related to this invention. 

a) No toxicity - irritation: Widi regards to this, data already exist. When conjectured from 
past research on the tissue reaction of embolic material, it does not pose a problem in particular. 
There was no pain during the injection in 10 clinical cases, 

b) Low viscosity: It is slightly higher than the viscosity of Lipiodol and unless it is a 
suspension of very high concentration* it can be passed througji a micro-catheter with a 1.0 ml 
syringe. 

c) Favorable contrast property: Lipiodol is used as the suspension hence it is possible to 
see right through. The occlusion effect can be confimed due to the Lipiodol accumulating in the 
occlusion part. 

d) Does not occlude the catheter: The particles do not coagulate hence it does not clog the 
catheter. It does not have adhesiveness hence there is no danger of adhering the catheter and die 
blood vessel. 

e) The occlusion part can be adjusted: The size of the panicles can be adjusted. The 
method is to adjust widi (S) (M) (L), or adjust the size of the particles according to the contrast 
medium to be suspended. Based on this, it is possible to dctenmne the blood vessel diameter that 
can be occluded in advance. 

[0015] 

Effects of the invention 

By using the suspension for blood vessel embolization related to this invention, there are 
the effects of not having toxicity • irritation, the viscosity being low, the contrast property being 
favorable, the catheter not being occluded, and being able to adjust the occlusion part. 

BRIEF DESCRIPTION OF THE INVENTION 

1. It is an explanatory diagram showing the amount of fluid that N-lOO (10 mg) can 

absorb. 

2. It is an explanatory diagram showing the change in the diameter of S-50 in various 

fluids. 

3. It is an explanatory diagram showing the whole assembly of an AVM model, 

4. It is a graph showing the occlusion effect of a Low How Model. 
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5. It is a graph showing the occlusion effect of a Hi^ Flow Model. 



ml 

tO.Q 



V 

3.0 ' 



FLUID VOLUK ABSORBED 
by lOoiK of N-tOO 



2.0 



1.0 ' 



WATER 



ItJ) 



IQPIOQ 

(lopoitiidol} 



»J95f SERUM 
5AUNE 



65XAG 

GO%UG 

76XUQ, 
Lipiodo! \ ^2 



fC3 




ID 



Figure I 



Received at the EPO on Oct 1 0, 2007 1 7:37:30. Page 18 of 26 



IO-OCT-07 16:33 FROM-GILL JENNINGS t EVERY LLP 



+44 20 7377 1310 



1-492 P.041/048 F-218 



DIAMEItR OF S-50 MICROSPiraE 
IN VARIOUS FLUIPS 



WatflT 



3(nnig|/m| 
lopanvM 

370nid/ml 
bpanidol 



Senm 



Qitt Saline 

Ansografin 
60X 

Urogrdfln 




U4ffnm 



IJ0mNI 



053 



O 




S-50 (S) S-SD (M) 

Figure 2 



S-SO (V.) 



132-14532 



Received at the EPO on Oct 1 0, 2007 1 7:37:30. Page 1 9 of 26 



lO-OCT-07 16:33 



FROM-GILL JENNINGS t EVERY LLP 



+44 20 7377 t310 



T-492 P. 042/048 F-215 



9 




Hgu»3 



J32-145S2 



Received at the EF»0 on Oct 10, 2007 1 7:37:30. Page 20 of 26 



lO-OCT-07 18!33 



FROM-fiILL JENNINGS t EVERY LLP 




132-14552 

Received at the EPO on Oct 1 0, 2007 1 7:37:30. Page 21 of 26 



IO-OCT-07 18:33 



FROM-GILL JENNINGS i EVERY LLP 



+44 20 7377 1310 



T-492 P. 044/049 F-215 



11 




Figures 



Translated by: 



PHOENIX 

TRANSLATIONS 
September 13. 2007 



132-14552 



Received at the EPO on Oct 1 0, 2007 1 7:37:30. Page 22 of 26 



